Abstract: A general analysis for B decays to two pseudoscalars, involving ten modes, is presented. A simple model for final state interactions and rescattering effects is proposed. We show how the data can be used to deduce important information on electroweak penguins (EWP), rescattering and color suppression effects and on the CKM parameters in a largely model independent way by using χ 2 -minimization. We find that the current data suggests the presence of EWP and color-suppressed tree both at levels somewhat larger than theoretical estimates. However, rescattering effects appear quite small. Implication for direct CP violation, for the tests of the unitarity triangle, and for new physics are also briefly discussed.
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An interesting aspect of the recent CLEO result [1] is the rather large ratio of the branching ratios:
with a central value close to unity [R − K ≃ 1.1 ± .4]. Although, at present, the errors are rather large this is noteworthy as naively one expects this ratio to be around 0.5. These recent experimental findings are attracting considerable theoretical attention [2] - [5] . The electroweak penguins (EWP), which have not been seen so far in purely hadronic modes, provide an exciting interpretation of this aspect of the data. The point is that EWP make a color allowed contribution only to B − → K − π 0 and not to B 0 → K − π + and thereby could be responsible for the largish value of R − K . Of course, final state interactions (FSI) or rescattering effects and color suppressed tree (CST) contributions can complicate the issue as they can also cause deviations from the naive expectation of R − K ∼ 0.5. Needless to say it is very important to acquire a quantitative understanding of the role of these individual contributions as they enter in an intricate manner in our ability to deduce the CKM parameters from the experimental data and to test the Standard Model (SM) through the use of the unitarity triangle for the presence of new physics-a goal of unquestionable importance.
Bearing all that in mind and bearing also in mind that large increases in the data sample are expected in the near future we will attempt to construct a general framework for analysis of these related issues. We want to focus on the ten modes of B decays to two pseudoscalars, as these are the simplest, for which CLEO has already presented some data [1]: 1)
The amplitude (M i for i = 1 . . . 10) for these reactions receive contributions from four irreducible types: Tree (t) (i.e. the color allowed piece), final state interactions (FSI) or rescattered tree (RST), color-suppressed tree (CST), penguin (p) and EWP (e). As is well known, at present no first principles method exists for calculating final state interactions or rescattering effects. We propose a simple model for that purpose. We propose that all FS rescattering effects are due to quark level reactions of the type uū → uū, dd, ss etc. The characteristic strength of such a conversion, presumably of some non-perturbative origin, will be denoted by a complex parameter κ which, for simplicity, is taken to respect exact SU(3) flavor symmetry. We can now readily write the amplitudes for the ten reactions; thus e.g.
where γ is the CKM phase [6]. Similarly we can write expressions for
It is easy to see that our calculational procedure, in general, involves the following eight parameters: t,t, p e, Real κ ≡ κ R , Im κ ≡ κ I , ρ and η where ρ and η are the CKM parameters [6] in the Wolfenstein parameterization which are rather poorly determined. Indeed a recent fit gives [7] , ρ = .10
−.38 , η = .33
−.09 . Of course, λ ≡ sin θ c ≃ .22 and A ≃ .81 are the other two CKM parameters that enter these decays. Thus in this model the ten reactions are controlled by a maximum of eight parameters. We will search for self consistent solutions to the data and solve for these parameters along the way by using χ 2 -minimization. As an illustration of how the model works we will use the currently available experimental data. Clearly as the quality of the data improves one can hope to improve the evaluation of these parameters as well.
We systematically study eight types of fits to the data (see Table 1 ) to search for the presence of EWP, RST and CST i.e. to solve for e, κ andt (along with the other parameters):
Solution A is with e,t and κ switched off (i.e. e = κ =t = 0) and for obvious reasons has the worst χ 2 amongst the eight cases. In particular the best fit under this hypothesis has rather low Br(B − → K − π 0 ) compared to experiment (Table 1) . Also it seems to run in conflict with the data with regard to the ratio R
. Set B consists of three solutions (B1, B2, B3) which allow switching on of either e, or κ ort respectively. Thus, for example, for B1, κ =t = 0; and χ 2 -minimization is used to solve for e. Similarly for B2, e =t = 0 and κ = 0 and for B3, e = κ = 0 andt = 0. Amongst these three solutions in the B set, notice that for B1 which has the distinction of allowing EWP without CST or FSI actually is a less good fit as the χ 2 /dof is even worse when compared to A. In particular, for this solution, R − π is worse compared to A, as it is smaller. Thus the implication of this fit is that EWP by themselves alone i.e. without FSI and/or CST do not seem to provide a very good fit to the data. Indeed amongst the B set, B3 (i.e.t = 0, r = κ = 0) seems the best. Thus the data seems to favor the presence of appreciable CST, i.e.t ∼ .75t i.e. when no EWP or FSI are allowed. Now (i.e. for B3) R − π tends to be considerably enhanced in accord with experiment; however Br(B − → K − π 0 ) is a bit on the low side.
Set C (consisting of three solutions) requires two of the three types of contributions to be non-vanishing simultaneously. Herein solution C1 is of special interest as it involves both CST and RST but no EWP. The resulting fit cannot, of course, be ruled out with the present data. However Br(B − → K − π 0 ) tends to be on the low side and will need to be monitored closely as the data improves. Note also that this solution again indicates that color suppression does not seem to hold too well ast/t ∼ < 0.6. However effects of FSI are quite small i.e. κ ∼ < 5%. Set G allows CST, FSI and EWP to be all present simultaneously and seems to provide the best fit to the data. Indeed this solution is in good accord with all aspects of the data on the ten modes. It requires EWP to be about 30% of the strong penguins for the Kπ modes which tends to be somewhat larger than theoretical estimates [8, 9] . Remarkably, this solution also suggests that color-suppression does not hold too well for the final states with two light pseudoscalars (i.e. ππ, Kπ and KK) that are under consideration. Indeedt/t ∼ .6 whereas naive color counting givet/t = 1/3. However FSI effects appear again to be on the small side as κ ∼ < .11.
Thus at this point the solutions C1 and G are the most interesting [10] . Again solution G allows EWP, CST and RST all three to be present whereas C1 does not allow EWP. Although the confidence level (CL) of the G is somewhat better than C1 the errors in the current experimental data do not allow to reliably choose between these two hypotheses at present. The conclusion of this study for the EWP is therefore that their presence is favored but not compelling. The case for the presence of CST in these appears to be quite strong.
It is useful to qualitatively understand these features. Since the tree is negligible in the Kπ modes and the penguin is subdominant in the ππ modes, to a good approximation, the effects of EWP and those of CST can be decoupled: R − K is more effective in monitoring the EWP and R − π is a more sensitive measure of CST. We look forward to better determination of the corresponding parameters as the data improves.
We now briefly comment on some of the other interesting implications of these two solutions (see Table 2 ):
1. A primary objective of the intense experimental and theoretical studies of B decays is to deduce the CKM phases of the unitarity triangle. In this regard if solution G (or some variant) with the implied presence of a rather robust EWP (e/p ∼ .3) survives further scrutiny then completely model independent deduction of α and/or γ from ππ and/or Kπ modes by use of isospin analysis becomes difficult. Clearly then studies such as the present one, with some model dependence can attempt to deduce the unitarity angles. For our two favorite solutions G and C1, γ is found to be about 73
• and 102
• respectively.
2.
The ratio "penguin-like"/"tree-like" [11] for the π + π − is a useful parameter for facilitating the extraction of α from the measurement of the time dependent CP asymmetry in B → π + π − following the works of Charles [11] and of Quinn and Grossman [12] . We see ( Table 2 ) that both solutions G and C1 suggest this ratio (p π /t π ) to be around 0.3. Note also that in the analysis of Ref. [11, 12] EWP contribution was assumed negligible. We find the EWP contribution to be about 6% of the total amplitude for the π + π − mode-thus quite small. So their idea for extraction of α has a good chance of working if an accurate determination of the penguin/tree for the ππ mode can be achieved. It is therfore important to follow up on our extraction of the value of 0.3 with improved data.
3. Due to the possible presence of the EWP in these pseudoscalar modes, for a model independent determination of α and /or γ, B decays to two vector modes [13] become especially relevant. These modes (e.g. K * ω, K * ρ and ρω) allow a quantitative determination of EWP in a model independent way and those in which EWP are not prominent (e.g. are color suppressed) can then be used for deduction of α or γ.
4. In conjunction with the assumption of flavor SU(3) for the rescattering effects, the method used here allows one to incorporate also the information from B s decays, e.g.
, in the determination of the parameters of interest. Hopefully, these measurements would become accessible at hadronic machines in the not too distant future.
5. We have examined PRA in these ten modes for both of these solutions G and C1. We are taking the needed strong phase originating only from Im κ characteristic of the RST. We find that PRA in the Kπ modes tend to be ∼ < 5% whereas for the ππ modes appreciably larger asymmetries ∼ 15-25% seem possible [14] .
6. Perhaps the most interesting finding of this study is that not only there seems to be indications for the presence of EWP but that they may well be somewhat bigger than the theoretical expectations [8, 9] . It will be extremely interesting if this assessment persists with improvements in the data. Given the assumptions and uncertainties in the theoretical estimates, and the large errors in our current extraction, the size of the EWP in itself cannot be used as an argument for the presence of contributions from new physics. In this regard, we again emphasize, as has been done many times before [15] , that CP violation is the most reliable measure for the effects of new physics and therefore its searches are very worthwhile. Table 1 : Summary of the solutions under the various hypothesis. N means the corresponding entity is switched off (i.e. set to zero) whereas Y means it is on and being determined. The branching ratio for the ten modes are given in units of 10 −5 ; the individual amplitudes t, p, etc. are expressed accordingly. 
